ABSTRACT: Abandoned larvacean houses and unfiltered sea water were sampled using SCUBA techniques from near-surface waters of Monterey Bay, California during different phases of the seasonal upwelling period. Concentrations of 5 trophic and size categories of microorganisms found on these aggregates, i.e. bacteria, autotrophs with equivalent spherical diameters both < 5 pm (biovolume < 65 pmJ) and > 5 pm (biovolume > 65 pm3), heterotrophic flagellates and ciliates, were greater than surrounding water values by factors of 102 to 103. Measured differences among house aggregates led us to propose a successional history divided into 3 phases: (1) an initiation phase while the larvacean is present; (2) after abandonment, a microcosm phase with an associated microbial community; and (3) after utdizatlon of the outer house, a remnant phase. Absolute abundances of bacteria and protozoans on Phase 2 aggregates were sirmlar to those of detrital microbial co~nmunities associated with decaying macroalgae and estuarine macrophytes. The ratio of the biomass of bacterial predatordbactena was significantly greater on Phase 2 aggregates than for the microbial community in the surrounding water during active upwelling, but values for the ratio from both systems were similar during the postupwelling strabfied penod. Thus, aggregates somet~mes represent small-scale patches of detrital or late-successional microbial comrnunites suspended in a water column undergoing early successional , events.
INTRODUCTION
In pelagic ecosystems, a significant proportion of primary production is known to pass through microbial heterotrophs (Fuhrman & Azam 1980 , Williams 1981 , Linley et al. 1983 ). In the euphotic zone, the most studied heterotrophic systems are those of the freeliving microbes. Dissolved organic material originating from phytoplankton is utilized by bacteria that are subsequently grazed by a complex array of phagotrophic flagellates and ciliates that form the microbial food web. This microbial heterotrophic community converts detrital material into living biomass and regenerates nutrients for further algal production (Hanison 1978 , Azam et al. 1983 . The extent of development of this 'microbial loop' (Azam et al. 1983) in the plankton vanes in relation to the succession of phytoplankton blooms and can range from near absent 'Present address: Harbor Branch Oceanographic Institution, 5600 Old Dixie Highway, Fort herce, Florida 33450, USA to being the dominant process among microbial plankters (Sorokin 1977) .
Benthic and macrophyte detrital systems also incorporate a community of microbial heterotrophs with a food chain similar to that of the microbial community in the pelagic zone (Fenchel & Harrison 1976, Fenchel & J~r g e n s e n 1977, Linley et al. 1981) . However, these micro-organisms are more concentrated than in the pelagic zone and the community is established on or near a solid subtratum. The detrital resources for such substrata-associated populations are macroalgae, seagrasses (Mann 1976 , Lnley et al. 1981 ) and animal debris (Rodina 1963) , including fecal matter (Johannes & Satomi 1966 , Honjo & Roman 1978 , Jacobsen & Azam 1984 .
Marine snow aggregates are microhabitats in the pelagic zone that support populations possessing some combined features of both the pelagic and benthic systems. These aggregates contain high concentrations of autotrophic and heterotrophic microbes derived from the pelagic, free-living populations, but are assembled together in a matrix of flocculent detrital material (Silver et al. 1978) . Sources of nutrition for the heterotrophic microbes are both exudates from autotrophs and mucous detritus, sometimes of animal origin. While these microcosms remain suspended, they CO-exist spatially and temporally with the free-living microbes.
This paper reports a study of specific marine snow aggregates -those derived from abandoned larvacean houses (Alldredge 1972 (Alldredge , 1976 (Alldredge , 1977 . From differences measured in the aggregates and their associated microbial communities, we propose a life history divided into 3 well-defined successional phases. These phases are described and the microbial communities associated with the aggregates are compared to substrataassociated communities and to surrounding water communities under different hydrographic regimes.
METHODS

Field collections.
Aggregates and samples of unfiltered sea water (SW) were collected by SCUBA divers utilizing open-ocean, blue-water techniques described by Hamner (1975) . Aggregates were collected individually in cleaned and acid-washed 125 m1 screw cap plastic jars and SW samples in 25 1 collapsible containers. Samples were preserved as soon as they were brought aboard the vessel. The p r e s e~n g solution for SW was 25 % glutaraldehyde in sea water (pH = 7.2) that was prefiltered through either a 0.2vm filter for bacteria or through a glass fiber filter for eukaryotes. Subsamples of SW for bacterial counts were placed in scintillation vials and preserved to a final concentration of 2.5 % glutaraldehyde. The remaining water in the collapsible container was preserved to 0.5% glutaraldehyde for later counts of eukaryotes. Aggregates were pipetted from the sample jars and placed into scintillation vials containing 2.5% glutaraldehyde in sea water (pH = 7.2) that had been prefiltered through a 0.2 pm filter. Preserved samples were transported and stored refrigerated in the dark.
Microscopy. Samples were counted using a Zeiss Standard 18 microscope equipped with Nomarski optics and an epifluorescence attachment. Zeiss filter set 48 77 01 for the nuclear fluorochrome 4'6-diamidino-2-phenylindole (DAPI) and set 4 8 77 09 for the nuclear fluorochrome acridine orange (AO) and chlorophyll a autofluorescence were used. Rebcles with etched circles or rectangles of various sizes were chosen to y v e a mean field count of 20 to 40 organisms (Kirchman et al. 1982) when possible.
Each scintillation vial containing aggregates was poured gently into a small Petri dish for observation with a dissecting microscope. When an aggregate was identified as a larvacean house, the length, width and a third dimension, if possible, were measured with a calibrated ocular micrometer for calculation of the aggregate volume. An aggregate was transferred to a small test tube containing 1 m1 of 2 pg ml-' DAPI solution and stained for 15 min. It was then mounted in the DAPI solution under a coverslip sealed with fingernail polish. The now flattened aggregate was again measured with the dissecting microscope; the dimensions were used to calculate the aggregate area. This area was used only to calculate the number of organisms per aggregate and does not represent the surface area of the aggregate matrix.
Microbes on aggregates stained with DAPI were counted using Nomarski optics and epifluorescence either simultaneously or alternately depending on which technique gave the best contrast and image. Ciliates on aggregates were counted by scanning the whole aggregate at 500 X . Large nanoplankton were counted by measured transects at 500 X . Twenty to 30 fields of small nanoplankton were counted at 500 X ; if a particular taxon or other category was low in number, then it was counted by transect. The phagotrophic microflagellates were identified by size, shape and morphological characteristics, e.g. the transverse flagellum of Bodo and the proboscis of Rhynchomonas (Fenchel 1982b) . Thirty fields of bacteria were counted at 1187 X magnification using epifluorescence only. All organisms on aggregates showed contagious distributions. If transects were used or fewer than 30 fields were counted, the data were transformed (loglo) for calculation of confidence limits (Elliot 1971) .
Bacterial numbers in SW were estimated by the epifluorescence acridine orange direct count (AODC) technique (Hobbie et al. 1977) . The A 0 was used at a final concentration of 0.01 %. Bacteria from 2 m1 of SW were counted by fields at 1187 X magnification. Thirty fields on each of 2 replicate filters were counted for each sample date. Eukaryotes other than cihates from SW samples were counted similarly using the AODC technique. Forty m1 of preserved SW stained to a final concentration of 0.001 O/ O A 0 were filtered onto Sartonus 0.45pm black filters at < 10cm Hg and the eukaryotes counted. The organisms were counted by taxon when obvious, e.g. dinoflagellates, or placed into categories according to size and trophic position.
The category 'total eukaryotes < 5 pm equivalent spherical diameter (ESD)' was treated again in order to view the heterotrophic microflagellates in the same way they were viewed on the aggregates. One 1 of preserved SW sample was filtered onto a 47mm dia.
1.0 pm Nuclepore filter at < 10 cm Hg and the contents flushed into a small vial using 2 % glutaraldehyde in sea water in a synnge with a small bore needle. The suspension was allowed to settle for 72 h, then the supernatant in the settling tubes was removed to a volume of 0.3ml with a pipet and checked for the absence of organisms by staining and mounting on a filter. The settled sample was stirred and lOpJ was removed using an Eppendorf pipet and mounted on a microscope slide under a 25mm square cover slip (sealed with fingernail polish) for observation with Nomarski optics. The category 'total eukaryotes < 5 pm ESD' in these preparations were counted and the obligate phagotrophic microflagellates were identified in the same way they were on the aggregates. The numbers of heterotrophs were subtracted from the total eukaryotes to obtain a ratio of autotrophs/heterotrophs. This ratio was applied to the counts of total eukaryotes < 5 pm ESD obtained from the Sartorius black filters to calculate the absolute abundances of autotrophic and heterotrophic microflagellates in the SW samples.
Ciliates from SW were concentrated and counted using DAPI stain in a procedure modified from that of Porter & Feig (1980) . A 2501111 sample of SW was filtered by gravity flow onto a 25 mm diameter disc of 10 pm mesh Nitex screen. The screen was flushed and backwashed using 2.5 O/ O glutaraldehyde in sea water. The resulting concentrated solution of organisms was filtered to near completion onto a Sartorius 25mm diameter, 0.45 pm black filter at < l 0 cm Hg. The filter was then flooded with a sea water solution of 2 pg ml-' DAPI, allowed to stand for 5 min, after which filtration was completed and the filter mounted for observation. Cfiates were readily visible using this technique; they were counted at 500 X magnification by transects. This procedure may not have sampled all of the small aloricate ciliates in the SW samples (Sherr et al. 1986 ). However, abundances as high as 18 ciliates rnl-' were counted in samples from these nentic waters.
Calculations. The number of organisms on each aggregate was calculated by multiplying the mean field count by the ratio, aggregate area/field area. This value was then normalized to a concentration by multiplying it by the number of aggregates per rnl. These values were compared to sea water concentrations by calculating an enrichment factor (EF) for each category of organism: EF = (number of organisms ml-' on an aggregate)/(number of organism ml-' in sea water).
Linear dimensions of organisms were made with a calibrated ocular micrometer using Nomarski optics. Volumes of organisms were calculated assuming a spherical or ellipsoid shape except large loricate ciliates, which were considered to be cones. Carbon content per cell for autotrophs and heterotrophic flagellates was estimated using the non-diatom formula of Strathmann (1967) , i.e. Loglo Carbon (pg) = 0.866 Loglo Volume (pm3) -0.460. Ciliate carbon (pg) was calculated as 0.08 X volume (pm3) (Beers & Stewart 1970) . The carbon content of bacteria was calculated using the conversion factor of 0.121 pg C pm-3 cell volume (Watson et al. 1977 ) rather than the recently suggested factor of 0.22 pg C pm-3 (Bratbak & Dundas 1984) in order to compare our biomass data with previously published values (see Table 4 ).
Statistics. Non-parametric statistical tests of the EFs from individual aggregates were used to indicate patterns of enrichment of microbial populations that occupied different trophic positions. A Kruskal-Wallis l-way analysis of the ranks of EFs of all categories from individual aggregates from each sample date was performed to determine if any one category was significantly more enriched than any other. When the Kruskal-Wallis analysis was significant for a set of aggregates, Dunn's painvise comparison analysis with an expenmentwise error rate of 0.10 (Hollander & Wolfe 1973) was performed on the same ranks to determine w h c h categories were more significantly enriched than others.
RESULTS
Hydrography
The dates, physical parameters and hydrographic regimes at each sample site are listed in Table 1 . The collection site (36" 52' N, 122" 02' W) was 8 km from shore in 75 m of water. Increases in the salinity at 10 m in the spring signal upwehng in Monterey Bay (Bolin (Table 1) denoted that upwelling continued with varying intensity through the June sampling. The June water had the hghest sahnity (34.0ppt at 10 m) suggesting that the source was deeper than in Apnl (approximately 100m). The July samples were taken during the postml-l) among the sample dates. The heterotrophic upwelhng season when the water column was flagellates included at least 2 genera of kinetoplastida stratified with a 20m upper mixed layer.
(Bodo and Rhynchornonas), a large cryptomonad, choanoflagellates and an amoeboflagellate species.
Most autotrophs in July were small (biovolume < 65 Sea water microbes: abundance and diversity pm3), although the naked dinoflagellates seen in April and May had reappeard. The taxonomic composition, diversity and abundances of microorganisms in unfiltered sea water samples (SW) varied with the date (Table 1) of sample Aggregate microbes: abundance and enrichment collection. In Apnl, the dominant ciliates were choreotrichs including Laboea and Strornbidiurn. Further-
The absolute abundances of microbes in categories more, this ciliate assemblage in the SW samples was on aggregates and their enrichment factors (EF) are the most abundant (18 ciliates ml-') and the most listed in Table 2 . All of the aggregates studied were diverse (10 taxa) of all sample dates. The maximum abandoned larvacean houses. The EF values were calabundance of bacteria in SW (4.25 X 106 ml-') also culated using counts from unfiltered sea water (SW) occurred in April. At the same time, a 12 to 15 pm ESD and therefore are minimum values; unfiltered sea (biovolume 900 to 1800 pm3) flagellated chlorophyte, water may have contained microbes from houses disthat sporadically blooms in Monterey Bay (Garrison rupted during handling and filtration. However, calcu-1979), and a similar size naked dinoflagellate were lations of the number of houses 1-' and the number of abundant (1000 cells ml-' and 300 cells ml-l, respecmicrobes house-' suggest a maximum of 15% of the tively). In both May SW samples, the microbial corn-SW microbes could have been contributed by organmunity was similar in taxonomic composition to that in isms on houses. All microbes were more concentrated April except that in May the abundances of d a t e s and on houses than in unfiltered sea water (EF > 1) with EF bacteria had decreased (2 ciliates ml-' and 1.2 X 106 values ranging from 80 to 2100 depending on category bacteria ml-l). In June, the ciliate and dinoflagellate and date of sampling (Table 2 ). All taxa that were populations were sparse in SW samples (0.4 ciliate associated with houses were also seen in the SW samml-' and 2 dinoflagellates ml-l) and the chlorophyte ples collected at the same time and location. was absent. Thus, most autotrophs were small (< 5 ,pm ESD, biovolume < 65 pm3). Choanoflagellates were a conspicuous component of the heterotrophic flagellate Aggregates: composition and community structure population in June. In July, the most numerous ciliate was Uronema sp., and tintinnids were present. The Although all of the aggregates studied were abanassemblage of heterotrophic flagellates in the SW doned larvacean houses, those sampled in Apnl were samples in July was the most diverse (7 taxa) and the different in size, composition of the matrix, and strucindividuals were the most abundant (1.8 X 103 cells ture of the microbial community from those sampled at (Table 4 ) were used as indexes of the degree of development of a bacterial based food chain both for aggregates and for freeliving populations in the SW samples. Both ratios were calculated to enable comparison of the data from this study with other published work (see Table 4 ). Values of the index bacterial predatordbacteria for aggregates that were whole houses (aggregates sampled during May and June) ranged from 19 to 46 %. During that time, the values of that index for the community in SW samples were each significantly lower (7 to 10 %) than the comparable values from aggregates (see Table 4 . Indexes of the degree of development of the heterotrophic food chains in aggregates (Agg) and water (SW). Ratios are of mean standing stock of carbon. Bacterial consumers include heterotrophic flagellates and the ciliate Uronema only; heterotrophs include all ciliates, heterotrophic flagellates and bacteria Fig. 1 ). On the other hand, the values of the indexes from both aggregates and SW were similar for the July sample. Differences between the communities on whole and disintegrated houses and in SW communities at different times were represented by the ratio (%, based on carbon) of heterotrophs/autotrophs (Table 4 ). The aggregates sampled in April (those with only the internal filter fibers remaining) harbored communities with h g h standing stocks of autotrophs compared to the heterotrophic component on those aggregates.
DISCUSSION
Successional sequence of aggregates
The differences in the size and composition of aggregates, and the structure of the microbial community found between aggregates sampled in Apnl and those sampled in May, June and July (see 'Results') suggested differences in the nature of those sets of aggregates. Since a l l aggregates were abandoned larvacean houses, the differences were interpreted as representing phases in a process of maturation. The successional phases of a larvacean house from initiation by the animal to a remnant aggregate were designated as follows: (1) tion and expansion of the external house by the larvacean and ends when the house is clogged with particles and abandoned by the animal (Alldredge 1976) .
During this 4 to 6 h period (Alldredge 1976 , Paffenhofer 1973 , the animal feeds on pamcles brought into the house with water currents created by the sinusoidal beating of its tail. Many of the organisms entering the house do not become food for the animal, but rather stick to the detrital matrix of filters and outer house material and serve as the inocula for the microbial community of Phase 2. Phase 2 is that period of time immediately after abandonment when a complete house functions as a microbial microcosm. It proceeds until the mucous outer house has been utihzed, presumably by heterotrophic microbes. We estimate that Phase 2 lasts 4 to 6 d . In preliminary experiments in this laboratory (unpubl. data), microbes, in the absence of metazoans, took about 6 d to degrade the outer house. A similar time (approximately 4 d ) has been reported by Pomeroy & Deibel (1980) for microbial degradation of the flocculent feces of pelagic tunicates. The aggregates sampled during May, June and July were abandoned whole houses in the Phase 2 stage of development.
The autotrophic component of the microbial community on Phase 2 aggregates was different than that reported for other types of marine snow. Phase 2 aggregates had absolute abundances of nano-autotrophs (2 to 20 pm ESD, biovolume 4.2 to 4200 pm3) ranging from 0.4 to 1.7 X 106 cells ml-' of aggregate (see Table 2 ). Such abundances are 1 to 2 orders of magnitude greater than occurred on marine snow derived from pteropods and ctenophores in surface waters of the Atlantic (Caron et al. 1982) . Furthermore, diatoms, which were rare on Phase 2 aggregates, were present in high numbers (1.5 X 105 ml-') on other types of marine snow (Silver et al. 1978) . The high concentrations of small autotrophs on Phase 2 aggregates may have been the result of active inoculation during Phase 1 as well as growth by the inoculated population. Diatoms were likely excluded by the incurrent filters (Alldredge 1977) .
Phase 2 aggregates also had high abundances of heterotrophic bacteria and phagotrophlc protozoans (Table 2 ). These high abundances of heterotrophic microbes associated with the detrital material of the abandoned houses are comparable to other detrital systems (Table 5 ). The Phase 2 aggregates from this study had concentrations of heterotrophic microbes within or above the range reported for those associated with solid substrata.
The protozoans were shown by statistical analysis to have had significantly greater EF values than other trophic classes of microbes on Phase 2 aggregates ' Data for marine benthic detrital particles originating from rnacrophytes (Fenchel 1977) Date for lake benthic detritus (Rodina 1963) " Ciliate numbers from sinking organic part~cles collected in sediment traps (Silver et al. 1984, Silver unpubl.) ( Table 3 ). This implies that protozoan populations were increasing relatively more rapidly than other organisms. This apparent rapid accumulation of protozoans was presumably due to some combination of the following 3 factors: the inoculation process, an abundant food supply, and the absence of metazoan grazers. No metazoans were seen inside Phase 2 houses that could have selectively grazed the populations of protozoans. Crustacean browsers have been seen on the outside of a high percentage of houses in the field (Alldredge 1972 ). However these browsers scrape the mucus and pull it and all attached organisms to the mouth parts, a feeding method that is likely nonselechve. The populations of producers (autotrophs and bacteria) were presumably increasing fast enough to support the ciliates and heterotrophic flagellates as well as to maintain concentrated standing stocks of theu own. Autotrophs are known to be active photosynthesizers on aggregates (Alldredge & Cox 1982 , Knauer et al. 1982 . Several organic substrates were available for utihzation by the bacteria: the original mucous matrix, dissolved organic matter released from resident autotrophs and lysing cells, larvacean fecal pellets deposited in the houses and particulate detritus caught in the meshes.
rhe result of the simultaneous inoculation and concentration of all trophic members of the microbial complex from the balanced community already existing in the water outside the house during Phase 1 is to have organisms already coupled in predator-prey interrelations (bacteria and heterotrophic flagellates) continue interacting, but with greater intensity. This is in contrast to laboratory studies of the microbial degradation of detrital material from macrophytes that show successional colonization of microbes beginning with bacteria followed by heterotrophic flagellates and then ciliates (Fenchel & Jargensen 1977 , hnley et al. 1981 , hnley & NeweU 1984 . Incubations of unaltered detrital fecal material from the pelagic zone also result in sequential colonization (Pomeroy & Deibel 1980 , Pomeroy et al. 1984 . With simultaneous inoculation, however, heterotrophic flagellates and ciliates may have found enough food to have begun grazing and reached exponential growth rates before or immediately after the houses became abandoned. Metabolic or respiration rates of heterotrophic flagellates can increase rapidly when they are moved from low to high bacterial food concentrations (Fenchel 1982a) . Immediate and continued grazing likely maintained populations of fast growing bacterial strains (Fenchel & Harrison 1976 , Fenchel 1977 ), but they were consumed by the phagotrophic protozoans. The simultaneous inoculation of all trophic levels of microbes may have contributed to the significantly higher EF values of phagotrophs on all Phase 2 aggregates.
Phase 3 begins after the outer house has been disrupted leaving the filamentous filter material as the center of a smaller remnant aggregate. The aggregates sampled in April were in the Phase 3 stage of maturation. Some areas of the refractory detrital matnx were deplete of bacteria similar to that reported by Pomeroy & Deibel (1980) for salp feces that were 2 to 4 d old. In contrast to Phase 2 aggregates, populations of protozoan consumers were not more enriched than other microbes (Kruskal-Wallis test, Table 3 ). This result was likely due to the decrease in bacterial production accompanying the absence of the labile mucous material of the house. Despite the absence of a covering, these aggregates appeared to be a refuge from predation for some microbes. High concentrations of dinoflagellates and motile chlorophytes (the > 5 pm ESD autotroph category; Table 2 and 'Results') and large numbers of ciliates were associated with the refractory detrital matrix of the aggregates. The standing stocks of autotrophs were greater than that of heterotrophs (Table 4) indicating that the concentrations of heterotrophic microbes on these aggregates composed primarily of refractory detritus were diminished from their concentrations on Phase 2 aggregates.
Aggregates and hydrography
Our samples spanned the seasonal upwelling period in Monterey Bay; both the active upwelling and postupwelling phases that are known to support different planktonic communities (Bolin & Abbott 1963 , Garrison 1979 . Phase 2 and Phase 3 aggregates d~d not CO-occur. Phase 3 aggregates were sampled from surface waters only at the beginning of upwelling on the April sample date. Consumption of the outer house material by heterotrophic microbes must have occurred previously. These refractory aggregates were thought to be at least 6 d old (see above). Sinking rates of 91 m d-' (Alldredge 1979 ) and 68m d-' (Shanks & Trent 1980) have been estimated for flocculent aggregates. These aggregates may have been kept suspended in the isothermal water column or resuspended from the bottom sediments by the winds that caused the upwelling.
In any case, the aggregates remained ungrazed by metazoans resulting in the nutritive material entering the microbial food web rather than being utilized by macro-zooplankton (Pomeroy 1984 , Pomeroy et al. 1984 . Phase 2 aggregates were sampled later in the upwelling period and during post-upwelling conditions. A l l of these aggregates were younger than the Phase 3 aggregates sampled in April. Increased grazing by metazoans as upwelling progressed may have contributed to the youth of the aggregates sampled during upwelling.
All Phase 2 aggregates supported a well-developed microbial food chain signaled by the accumulation of protozoans. In the free-living plankton, however, formation of a well-developed heterotrophic food chain seems to occur only during the late stages of a phytoplankton bloom (Azam et al. 1983 , Sorokin 1977 . During the later stages of a bloom, resources that induce rapid bacterial growth are provided by exudates from phytoplankton that are physiologically stressed due to nutrient limitation (Joins et al. 1982 , Azam et al. 1983 . Seasonally, in temperate waters, nutrient limitation depends on the formation of a thermocline resulting in a stratified water column (Sorokin 1977) . Post-bloom conditions in a stratified water column can produce a late successional assemblage of the microplankton, typically, a well-developed microbial loop (Azarn et al. 1983) which is comparable to a detrital microbial community associated with Phase 2 aggregates ( Table 4) .
The degree of the development of a detrital food chain was quantified using the ratio, bacterial predatordbacteria (Table 4) . This rat10 would be expected to vary considerably in laboratory systems where sterile detrital material is inoculated with a natural source of microbes and the colonization and subsequent succession is documented (e.g. Lnley et al. 1981 , Stuart et al. 1981 , Llnley & Newell 1984 . We assumed that the process of simultaneous inoculation and concentration of all trophic levels of microbes, however, would allow the newly formed Phase 2 aggregates to come rapidly to near steady-state conditions. When successional events of microbes on unprocessed detritus were followed, the bacteria were rapidly grazed when protozoans appeared (Pomeroy et al. 1984 ). We further assumed that there would be no rapid, extreme fluctuations in the index calculated from the SW samples (Fenchel 1982b) .
Values for this index were calculated for both aggregates and SW samples, then compared under different hydrographic regimes (Table 4) . Low values of the index (3 to 1O0/0) were calculated for unfiltered water samples taken during upwelling. A mean value of 42 % was found in the mixed layer (upper 20 m) for unfiltered water during the post-upwelling period when the water column was stratified. A similar trend of relatively low values in mixed water columns and higher values in a stratified column, using a comparable index (Table 4) , has been reported by Linley et al. (1983) . A high value of that index was also found by Sorokin (1977) at the thermocline in a stratified water column after a phytoplankton bloom. The results imply that in a mixed water column during upwelling, the heterotrophic food chain is not as well developed as during post-upwelhng stratified periods when the detrital food chain is well developed in the free living plankton.
The index of comparison of the communities on Phase 2 aggregates and the surrounding water were significantly different during upwelling but converged and were similar during the post-upwelling stratified period (Fig. 1) . The sample showing the greatest divergence was the June sample, determined to have been the time of most intense upwelllng. The surface water at that time was in a pre-bloom state. It also had the lowest absolute abundances of ciliates and heterotrophic flagellates among the sample periods as well as a low value of the index. The community present in the surface waters during April and May, consisting of large numbers of dinoflagellates and chlorophytes (see 'Results'), was absent in June, presumably having been advected offshore. The Phase 2 aggregates sampled from this newly upwelled water nevertheless maintained a well-developed heterotrophic food chain. Thus, aggregates sometimes represent small scale patches of late successional microbial communities suspended in a water column undergoing early successional events. The results of aggregate activity, e.g. the uthzation of detritus, protozoan grazing of bacteria and regeneration of nutrients, will be proportionately more important during upwelling than during post-upwelling periods.
